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@ In a manufacturing method of thin film transistor, 
when impurity ions are introduced in a channel re- 
gion between source and drain regions in a semi- 
conductor layer, an insulator layer is formed on the 
semiconductor layer first. Then, impurity Ions gen- 
erated on high frequency discharge are introduced 
through the insulator layer into the semiconductor 
layer under a specified acceleration voltage. Then, 
the introduction depth of impurities and the amount 
of the impurities to be introduced in the channel 
region can be controlled or the threshold voltage of 
the thin film transistor can be controlled. This meth- 
od can be applied to a large substrate. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method for 6 
manufacturing a thin film transistor and semicon- 
ductor devices such as a liquid crystal display, an 
image sensor and a memory including thin film 
transistors. 

TO 

Description of the Prior Art 

In a semiconductor device such as a liquid 
crystal display or an image sensor with use of thin 
film transistors, the control of the threshold voltage is 
of the thin film transistor is important. Especially for 
an active-matrix type liquid crystal display which 
includes peripheral circuits, it Is necessary to con- 
trol the threshold voltages of p- and n-channel thin 
film transistors in the periphery circuits for decreas- 20 
ing the dissipation of electric power and for driving 
at a faster rate. The threshold voltage is mainly 
controlled by the state at the interface between the 
semiconductor active layer and the gate insulator 
layer in the thin film transistor, and it is not easy to 25 
control the threshold voltage in a wide range. 

Previously, channel doping technique is used 
for controlling the threshold voltage of thin film 
transistor. In the channel doping technique, the ion 
implantation process is used to introduce a very 30 
small amount of impurities into a semiconductor 
active layer. However, the size of the ion beam is 
small in the prior art technique. When impurities 
are Introduced to a substrate of large area as used 
for a liquid crystal display or the like, the ion beam 35 
has to scan over the large substrate, and this limits 
the area to be processed and the throughput of the 
processing. Therefore, it is difficult to adopt the ion 
implantation for manufacturing thin film transistors 
on a large substrate. Further, if the ion implantation 40 
is carried out on an insulator substrate such as a 
silica or glass plate, a charge up phenomenon 
occurs or the substrate is charged due to the 
implanted ions, and this lowers the precision of the 
implantation. Therefore, it is needed to introduce 45 
impurities while preventing the charge up of the 
substrate, 

SUMMARY OF THE INVENTION 

50 

An object of the present invention is to provide 
a method for controlling the threshold level of thin 
film transistor at a desired level. 

In a manufacturing method of thin film transis- 
tor, when impurity ions are introduced in the chan- 55 
nel region between the source and drain regions, 
first an insulator layer is formed on a non-mon- 
ocrystalline thin film of semiconductor material. 
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Then, impurity ions generated on high frequency 
discharge are introduced through the insulator layer 
into the semiconductor layer under a specified ac- 
celeration voltage. Then, the introduction depth of 
impurities and the amount of the impurities to be 
introduced in the channel region can be controlled 
or the threshold voltage of the thin film transistor 
can be controlled. That is, the impurities are intro- 
duced without using mass separation of the ions. In 
order to improve the controllability of the threshold 
voltage, the acceleration voltage on the introduction 
into the non-monocrystalline thin film is preferably 
80 kV or less or the dose of the impurity ions for 
controlling the valence electrons is preferably 
5*10^^ ion/cm^ or less. 

An advantage of the present invention is that 
ions can be introduced into the channel region of 
the thin film transistor on a large substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the follow- 
ing description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings, and in which: 

Figs. 1 (a) - (d) are sectional views for illustrating 
an example of a first embodiment a manufactur- 
ing method of a top gate type thin film transis- 
tor; 

Fig. 2 is a graph of the distribution of the im- 
planted ions; 

Figs. 3(a) - (c) are sectional views for illustrating 
a manufacturing method of a first example of a 
second embodiment of a bottom gate type thin 
film transistor; 

Fig. 4 is a graph of the distribution of the boron 
density along A-B line in Fig. 3(c); and 
Figs. 5(a) - (d) are sectional views for illustrating 
a manufacturing method of a second example of 
the second embodiment of a bottom gate type 
thin film transistor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like 
reference characters designate like or correspond- 
ing parts throughout the several views, embodi- 
ments of the present invention are explained below. 

In order to solve the above-mentioned prob- 
lems, a technique called as ion doping or ion 
shower doping is adopted in the present invention 
(refer IEEE Electron Devices Letters, Vol. 9, No. 2, 
1988, 90 - 93 on the technique). A gas including 
impurities to be introduced as constituent elements 
thereof is ionized by using high frequency dis- 
charge, and the ionized impurities to be introduced 
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in a sample are all accelerated at a specified 
acceleration voltage. In the present invention, gen- 
erated ions are all introduced into a sample without 
using mass separation of the generated ions as in 
the prior art ion implantation. Because mass pro- 
duction is not needed, the size of ion beam can be 
increased as large as the size of the ion generator. 
Thus, the ion beam size can be increased remark- 
ably larger than that in the prior art, and the impuri- 
ties can be introduced over a large substrate at a 
fast rate. 

Figs. 1(a) - (d) illustrate a manufacturing meth- 
od of a top gate type n-channel thin film transistor 
of an embodiment according to the present inven- 
tion. As shown in Fig. 1(a), a polycrystalline silicon 
thin film 12 of 100 nm thickness is formed first on 
a transparent substrate (glass substrate) 11. Next, 
the polycrystalline silicon 12 is etched to form an 
island as shown in Fig. 1(b), and a silicon oxide 
thin film 13 of 200 nm thickness is formed as a 
gate insulator layer. Then, boron is introduced in 
the polycrystalline silicon thin film 12 for the chan- 
nel region near the interface between the insulator 
layer 13 and the polycrystalline silicon thin film 12 
with the ion doping technique wherein ions are 
generated by decomposing B2HS gas on the high 
frequency discharge without using mass separation 
of generated ions. At the decomposition of the 
82 Hg gas, ions of boron hydrides such as BHx and 
BaHx and hydrogen ions are generated as well as 
boron ions, and they are introduced in the sample. 
On introducing boron in the polycrystalline silicon 
thin film 12, the acceleration voltage is 30 kV, and 
the total dose of boron is riO^* ions/cm^. 

Fig. 2 shows two examples of the distribution 
of boron density in the depth direction after boron 
is introduced in a monocrystalline silicon substrate 
with the ion doping technique and with the ion 
implantation technique (comparison example) in 
conditions of 40 kV of acceleration voltage and 
5*10^5 ions/cm^ of dose of boron. The abscissa 
represents the depth from the surface of the sub- 
strate, while the ordinate represents the boron 
(impurity) concentration. In case of ion doping, 
82 Hx ions can be generated mainly from 82 He gas, 
and a sharp impurity concentration distribution can 
be realized. For example, if the impurity concentra- 
tion to be introduced in the channel region is 1*10^^ 
ions/cm^ of boron, an insulator layer of 210 nm 
thickness (refer point A in Fig. 2) is needed to 
hinder the impurities in the ion doping technique, 
whereas that of 350 nm thickness (refer point B in 
Fig. 2) is needed in the ion implantation technique. 
Thus, by using the ion doping technique, the thick- 
ness of an insulator layer (the gate insulator layer 
22 in the present embodiment) needed for the 
introduction of impurities can be decreased when 
the same concentration of impurities is introduced. 



and the characteristics of a device including the 
thin film transistor can be improved. 

As shown in Fig. 1(c), after the activation an- 
nealing of the introduced boron is performed at 400 

5 *C for 60 minutes, a gate electrode 14 of chro- 
mium of 100 nm thickness is formed on the gate 
insulator layer 13. Next, phosphor ions are gen- 
erated by decomposing PH3 gas by using the high 
frequency discharge, and they are introduced with 

70 use of the gate electrode 14 as a mask into the 
source and drain regions 14b in the polycrystalline 
silicon thin film 12 at a high concentration, in the 
conditions of the acceleration voltage of 80 kV and 
the dose of the total amount of the impurity ions of 

75 3*10^^ ions/cm^. The source and drain regions 14b 
are formed with self-alignment. Thus, a region be- 
tween the source and drain regions 14b becomes a 
channel region 14a eventually. Next, the impurity 
activation annealing of the source and drain regions 

20 14b are performed. Then, as shown in Fig. 1(d), an 
inter-layer insulator layer 15 is formed, and contact 
holes for the source and drain regions 14b are 
opened. Next, hydrogen plasma treatment is car- 
ried out to deactivate dangling bonds in the poly- 

25 crystalline silicon thin film 12 to form the source 
and drain regions 14b. Finally, source and drain 
electrodes 16 are formed through the openings, to 
complete a thin film transistor. 

A characteristic of the present embodiment is 

30 that the impurities are introduced into the channel 
region 14a for the control of the threshold voltage 
of the thin film transistor during the manufacturing 
process, as shown in Fig, 1(c). The threshold volt- 
age can be controlled at a desired value by chang- 

35 ing the channel doping conditions (acceleration 
voltage or the total dose of impurities to be intro- 
duced). In the present embodiment, the threshold 
voltage can be changed by 5 V in the ion doping 
conditions of the acceleration voltage of 35 kV and 

40 the dose of boron of riO^* ions/cm^. 

Though the channel doping step is performed 
after forming the gate insulator layer 13 as shown 
in Rg. 1(b) in the present embodiment, the se- 
quence of the steps is not limited at the above- 

45 mentioned one, and a similar advantage can be 
obtained when the channel doping step is included 
during the manufacturing process of thin film tran- 
sistor. Further, the threshold voltage of thin film 
transistor can be controlled without using the chan- 

50 nel doping step if the film thickness of the gate 
electrode 1 4 is so thin as to reduce the hinderance 
of the gate electrode 14 against the ions on for- 
ming the source and drain regions 14b, and ions 
are introduced in the channel region between the 

55 source and drain regions 14b to change the con- 
centration difference between the source and drain 
regions 14b. 
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Though an n-channel thin filnn transistor is 
manufactured in the above-mentioned embodiment, 
a p-channel thin film transistor can also be manu- 
factured by using appropriate species of impurities. 

By using the ion source, the ion beam size Is 
determined only by the size of the ion source, and 
the introduction to a substrate of wide area be- 
comes easy by enlarging the size of the ion 
source. Further, the cost of manufacturing can be 
reduced by the reduction of the cost of the appara- 
tus and the Improvement of the throughput. 

Next, an example of a second embodiment of a 
manufacturing method of a bottom gate type thin 
film transistor is explained below with reference to 
Figs. 3(a) - (c). As shown in Fig. 3(a), a gate 
electrode 21 made of chromium of 100 nm thick- 
ness is formed first on a transparent substrate 
(glass substrate) 20, and a gate insulator layer 22 
of silicon nitride of 400 nm thickness and an amor- 
phous silicon thin film of 50 nm thickness are 
formed successively on the gate electrode 21 in 
vacuum with a plasma chemical vapor deposition 
process (PCVD). Then, the amorphous silicon thin 
film is crystallized by using the thermal annealing 
at about 600 *C to form a polycrystalline silicon 
thin film 23 as a semiconductor active layer. Then, 
after a doping mask 24 is formed on the poly- 
crystalline silicon thin film 23, ions of impurities 
(phosphor in this case) are introduced into source 
and drain regions in the polycrystalline silicon thin 
film 23 with an ion doping apparatus. That is, PHa 
gas is decomposed on high frequency discharge to 
generate phosphor ions, and the generated ions 
are introduced in the source and drain regions 24a, 
without mass separation, as shown in Fig 3(b). The 
conditions for forming the source and drain regions 
24a are as follows: 20 kV of acceleration voltage, 
and riO^^ ions/cm^ of total dose of phosphor. 
Impurities are not introduced into a channel region 
24b below the mask 24 between the source and 
drain regions 24a. After the activation annealing of 
the implanted impurities, the polycrystalline silicon 
is etched to form an island pattern, then the source 
and drain electrodes 25, 26 are formed on the 
source and drain regions, as shown in Fig. 3(b). 

Next, as shown In Fig. 3(c), a passivation layer 
27 of silicon oxide of 200 nm thickness Is formed. 
After the plasma treatment in the hydrogen plasma 
to deactivate the dangling bonds in the polycrystal- 
line silicon thin film 23, boron is introduced for the 
control of the threshold voltage from above the 
passivation layer 27 of Insulator into the semicon- 
ductor active layer 23 to form a channel region 24b 
between the source and drain regions 24a. The 
introduced boron is activated in the conditions of 
400 'C for 60 minutes, and a thin film transistor is 
completed. An ion doping apparatus is used to 
introduce boron ions for the control of the threshold 



voltage, and B2H6 gas is decomposed on high 
frequency discharge and the generated ions are 
introduced in the sample without mass separation. 
The conditions for the control of the threshold 

5 voltage is as follows: 35 kV of acceleration voltage, 
and no^^/cm^ of dose. Thus, a thin film transistor 
is completed. 

Fig. 4 shows an example of the impurity dis- 
tribution after boron is introduced for the control of 

70 the threshold voltage along the A-B line displayed 
in Fig. 3(c). Because the impurities are introduced 
through the silicon oxide layer 27, most of the 
impurities remain In the inactive state in the silicon 
oxide layer 27, and only a very small amount at the 

75 tail of the impurity distribution is introduced into the 
active layer 23 (refer the hatched area in Fig. 4). 
Thus, the above-mentioned method makes it possi- 
ble to control the very small amount of impurities 
beyond the control limit of the ion doping appara- 

20 tus. Further, the damages at the interface between 
the polycrystalline silicon 23 and the silicon nitride 
(gate insulator layer) 22 caused by the ion im- 
plantation in the prior art method can be sup- 
pressed and the characteristics of thin film transis- 

25 tor can be improved. It is to be noted that the 
amount of impurities to be introduced in the active 
layer 23 can be controlled at a desired level by 
controlling the acceleration voltage and the film 
thickness of the insulator layer 27. It is found that 

30 silicon oxide film is the best as the insulator layer 
for the control of threshold voltage. 

By using the above-mentioned manufacturing 
method, the threshold voltage of thin film transistor 
of bottom gate structure can be controlled by 

35 changing the introduction conditions of boron. Fur- 
ther, most of the impurities are deactivated in the 
silicon oxide thin film, and only a tail portion of the 
impurity distribution is introduced into the active 
layer. Therefore, the implantation depth into the 

40 active layer can be controlled at a desired value by 
the acceleration voltage on the ion doping and the 
thickness of the insulator layer on the thin film 
transistor. In the channel doping conditions accord- 
ing to the example, the threshold voltage varies by 

45 about 5 volts. 

Further, in the example shown in Figs. 3(a) - 
(c), thermal annealing is used for crystallizing and 
for activating the introduced impurities. However, 
similar advantages can be realized with laser an- 

50 neal or rapid thermal annealing (PTA process). 
When a laser is used, after the impurities are 
introduced into the source and drain regions, the 
crystallization of the semiconductor active layer 
can be performed at the same time as the activa- 

55 tion of the impurities in the source and drain re- 
gions. Thus, the manufacturing process can be 
simplified. 
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Though the manufacturing method of n-channel 
thin film transistor is explained above, a p-channel 
thin film transistor can also be manufactured simi- 
larly. 

Next, a second example of the second embodi- 
ment of the manufacturing method of bottom gate 
type thin film transistor is explained below with 
reference to Figs. 5(a) - (d). As shown in Fig. 5(a), 
a gate electrode 31 made of chromium of 100 nm 
thickness is formed first on a transparent substrate 
(glass substrate) 30, and a gate insulator layer 32 
of silicon nitride of 400 nm thickness and a poly- 
crystalline silicon thin film of 50 nm thickness as a 
semiconductor active layer 33 are formed succes- 
sively on the gate electrode 31 in vacuum with a 
plasma chemical vapor deposition process (PCVD). 
Then, after an island of the polycrystalline silicon 
thin film is formed, a passivation insulator layer 34 
of silicon oxide of 200 nm thickness is formed. 
Next, as shown In Rg. 5(b), boron ions are intro- 
duced through the passivation insulator layer 34 
into the semiconductor active layer 33 to control 
the threshold voltage. The ions of impurities for the 
control of the threshold voltage is introduced with 
an ion doping apparatus. That is, B2H6 gas Is 
decomposed on high frequency discharge to gen- 
erate boron ions, and the generated ions are intro- 
duced In the sample, without mass separation of 
the generated ions. The conditions for the thresh- 
old voltage control are as follows: 35 kV of accel- 
eration voltage, and 1 * 10^* ions/cm^ of dose. 

Next, as shown in Fig. 5(c), a doping mask 35 
is formed with a photoresist, and impurities (boron) 
are introduced into the source and drain regions 
36b. The region between the source and drain 
regions 36b becomes a channel region 36a even- 
tually. The ion doping apparatus is used to intro- 
duce the boron ions, and B2H6 gas is decomposed 
on high frequency discharge and the generated 
ions are introduced into the source and drain re- 
gions 36b without mass separation. The conditions 
for forming the source and drain regions are as 
follows: 60 kV of acceleration voltage, and 5*10^^ 
ions/cm^ of total dose of Impurities. By using the 
above-mentioned conditions, the threshold voltage 
can be changed by 5 volts. 

After the activation annealing of the impurities 
at 400 "C for 60 minutes, contact holes are formed 
in the passivation layer 34. Then, the plasma treat- 
ment is performed to deactivate the dangling 
bonds in the polycrystalline silicon thin film in the 
hydrogen plasma, and the source and drain elec- 
trodes 37 are formed in the contact holes as shown 
in Fig. 5(d), to complete a thin film transistor. 

Further, in the second example explained 
above, thermal annealing is used for crystallizing 
and for activating the implanted impurities. How- 
ever, laser annealing or rapid thermal annealing 



(PTA process) can also be used. When a laser is 
used, after the impurities are introduced Into the 
source and drain regions, the crystallization of the 
semiconductor active layer can be performed at 

6 the same time as the activation of the impurities in 
the source and drain regions. Thus, the manufac- 
turing process can be simplified. 

Though the manufacturing method of n-channel 
thin film transistor is explained above, a p-channel 

70 thin film transistor can be manufactured similarly. 
The order of the steps in the example can be 
changed. For example, similar advantages can be 
obtained if the steps shown in Figs. 5(b) and (c) 
are exchanged. Further, similar advantages can be 

75 obtained even If the step shown in Fig. 5(b) is 
omitted and impurities can be introduced after the 
step shown in Fig. 5(d) by using the conditions 
mentioned with reference to Fig. 5(b). 

The threshold voltage of the thin film transistor 

20 can be controlled at a desired value according to 
the present invention. Because the ion doping pro- 
cess needs no mass separation of generated ions, 
the cost of the apparatus Is reduced. Further, be- 
cause it can be applied to a wide area and a high 

25 throughput is possible, the manufacturing cost can 
be reduced. 

By setting the thickness of the insulator layer 
above the active layer of the thin film transistor 
suitably, doping of very sharp distribution can be 

30 realized without damaging the interface between 
the channel region and gate insulator layer. Be- 
cause most of the introduced ions Is inactive in the 
insulator layer and only a very small amount of the 
implanted ions arrive to the active layer, the im- 

35 plantation at a dose much larger than realized 
previously becomes possible, and the controllability 
of the threshold voltage can be improved. The cost 
of the apparatus is reduced by sharing the appara- 
tus commonly in the steps for introducing impurity 

40 ions. 

In the present invention, by introducing a very 
small amount of ionized impurities from above the 
insulator layer into the semiconductor layer to con- 
trol the threshold voltage, most of the implanted 

45 impurities lose an energy in the insulator layer to 
stop and to be deactivated electrically. Thus, only a 
portion of the impurities at the tail of the impurity 
profile is introduced into the semiconductor active 
layer. Further, the film thickness of the insulator 

50 layer can be changed. Then, the depth of the 
impurity distribution and the amount of the impuri- 
ties can be controlled at desired values. 

Although the present invention has been fully 
described in connection with the preferred embodi- 

55 ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled In the 
art. Such changes and modifications are to be 
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understood as included within the scope of the 
present invention as defined by the appended 
claims unless they depart therefrorr). 

Claims 

1. A nnethod for manufacturing a thin film transis- 
tor, comprising the steps of: 

forming a non-monocrystalline thin film of 
a semiconductor material on a substrate; 

forming a first insulator layer on the non- 
monocrystalline film and the substrate; 

Introducing ions of Impurities through the 
first insulator layer into the non-monocrystalline 
thin film under a specified acceleration voltage 
whereby the ions introduced In the non-mon- 
ocrystalline thin film control the threshold volt- 
age of the thin film transistor; 

forming a gate electrode on the first insula- 
tor layer; 

forming source and drain regions in the 
non-monocrystalline thin film by introducing 
impurities for the source and drain regions; 

forming a second insulator film on the gate 
electrode and the first insulator film; and 

forming source and drain electrodes con- 
nected electrically to the source and drain re- 
gions. 

2. The method according to Claim 1, wherein 
said source and drain regions are introduced 
into said non-monocrystalline thin film through 
said first insulator layer by using said gate 
electrode as a mask. 

3. The method according to Claim 1, wherein 
said second insulator layer formed on said 
non-monocrystalline thin film is made of silicon 
oxide. 

4. The method according to Claim 1, wherein the 
ions to be introduced into said non-mon- 
ocrystalline thin film are generated by decom- 
posing a gas with high frequency discharge. 

5. The method according to Claim 4, wherein 
said gas includes boron. 

6. The method according to Claim 4, wherein 
said gas includes phosphor. 

7. The method according to Claim 1, wherein 
said acceleration voltage is 80 kV or less. 

8. The method according to Claim 1, wherein the 
dose of the impurity ions for said non-mon- 
ocrystalline thin film is 5*10^^ Ions/cm^ or less. 



9. The method according to Claim 1, wherein 
said non-monocrystalline thin film is made of 
polycrystalline silicon. 

6 10. A method for manufacturing a thin film transis- 
tor comprising the steps of: 

forming a gate electrode on a substrate; 
forming a first insulator layer on the gate 
electrode and the substrate; 

10 forming a non-monocrystalline thin film on 

a first insulator layer above the gate electrode; 

forming source and drain regions in the 
non-monocrystalline thin film by introducing 
impurities for the source and drain regions; 

75 forming a second insulator layer on the 

non-monocrystalline thin film; and 

introducing ions of impurities for forming a 
channel region between the source and drain 
regions in the non-monocrystalline thin film 

20 through the second insulator layer into the 

non-monocrystalline thin film under a specified 
acceleration voltage whereby the ions intro- 
duced in the non-monocrystalline thin film con- 
trol the threshold voltage of the thin film tran- 

25 sistor. 

11. The method according to Claim 10, wherein 
said ions of impurities for forming said source 
and drain regions are introduced by using a 

30 mask formed on said non-monocrystalline thin 

film, wherein the source and drain regions are 
formed in a self-alignment condition by using 
the mask, and said ions of impurities for for- 
ming said channel region are introduced after 

35 the mask is removed. 

12. The method according to Claim 10, wherein 
said step of forming said source and drain 
regions is performed by using a mask formed 

40 on said non-monocrystailine thin film above 

said gate electrode after said ions for forming 
said channel region are introduced Into the thin 
film transistor. 

45 ia The method according to Claim 10, wherein 
said second insulator layer formed on said 
non-monocrystalline thin film is made of silicon 
oxide. 

50 14. The method according to Claim 10, wherein 
the ions to be introduced into said non-mon- 
ocrystalline thin film are generated by decom- 
posing a gas with high frequency discharge. 

55 15. The method according to Claim 14, wherein 
said gas includes boron. 
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16. The method according to Claim 14, wherein 
said gas includes phosphor. 

17. The method according to Claim 10, wherein 
said acceleration voltage is 80 kV or less. 5 

18. The method according to Claim 10, wherein 
the dose of the Impurity ions for said channel 
region is 5*10^^ ions/cm^ or less. 

10 

19. The method according to Claim 10, wherein 
said non-monocrystalline thin film is made of 
polycrystalline silicon. 

75 
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